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 In this study, data-based approaches derived from VRFT framework are 
developed for PID and IMC controller designs. In PID design, an open-loop 
experiment using pulse input signal is first conducted to generate the process input 
and output data. Subsequently, Discrete Fourier Transform is applied to the process 
input and output data to obtain their respective frequency responses. The frequency 
responses data thus obtained are then used to approximate a specified reference model 
by using an adjustable parameter in the reference model, which is to be determined to 
provide the best approximation. After determination of the optimal parameter in 
reference model, the PID controller parameters are subsequently obtained through the 
least square solution. Though this method requires less design effort than the 
conventional two-step model-based PID design methods, extensive simulation results 
show that the resulting PID controller designed off-line by the proposed method gives 
comparable or better control performance compared to its model-based counterparts, 
i.e. IMC-PID and Maclaurin-PID controllers, that have been tuned on-line to achieve 
their respective best control performances. 
In the proposed data-based IMC design, by using the frequency responses data 
as mentioned above, a one-step design procedure for IMC controller is developed. 
Specifically, the parameters of both IMC controller and model are determined 
simultaneously by solving an optimization problem derived from model-reference 
problem formulated in the frequency domain. Thus, a distinct feature of the proposed 
IMC design is that a detailed IMC model is not required to design the IMC controller. 
Simulation results show that the proposed IMC controller performs as good as or 
 v 
better than the conventional IMC controller that has been tuned on-line to produce the 
best control performance. 
 In summary, the proposed one-step data-based design methods produce high 
control performance without resorting to the tedious identification of a process model 
and the need for on-line tuning of controller parameters in an ad-hoc manner. 
Therefore, from practical application point of view, the proposed data-based PID and 
IMC designs are attractive alternatives to their respective model-based counterparts. 
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NOMENCLATURE 
C  PID Controller 
f  Low-pass filter 
J  Objective function 
L  Reference model 
M  Model of the process 
M  Minimum phase of M 
M  Non-minimum phase of M 
P  Process 
Q  IMC controller 
 R, r  Set-point 
,
~
R r~  Virtual reference signal 
T  Complementary sensitivity function 
,U u  Process input 
,
~
U u~  Virtual input 
W  Column vector in Eq. (3.10) 
X  Column vector in Eq. (4.13) 
,
~
Y y  Process output 
 
Greek Symols 
, ,  IMC controller parameters 
,
~ ~
 Matrices used in Eq. (3.10) 
 Adjustable parameter in reference model 
m  Time delay in IMC process model 
 Adjustable parameter in IMC-PID and Maclaurin-PID 
designs 
c  IMC filter constant 
IMC
~
 Matrix used in Eq. (4.13) 
 Frequency 
 vii 




DFT Discrete Fourier Transform 
FOPDT First-order-plus-dead-time model 
IAE Integral absolute error 
IFT Iterative feedback tuning 
IMC Internal model control 
PID Proportional-integral-derivative  
SOPDT Second-order-plus-dead-time model 
VRFT Virtual reference feedback tuning 
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